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The purpose of t h i s  program is t o  develop e l e c t r i c a l  r e s i s t a n c e  s t r a i n  gages 
u s e f u l  f o r  s t a t i c  s t r a i n  measurements on n i c k e l  o r  c o b a l t  supera l loy  p a r t s  i n s i d e  a 
gas t u r b i n e  engine on a  test s t and .  Measurements of t h i s  type  are of g r e a t  impor- 
t a n c e  i n  meeting t h e  goa l s  of t h e  Host Program because, without  r e l i a b l e  knowledge 
of t h e  s t r e s s e s  and s t r a i n s  which e x i s t  i n  s p e c i f i c  components, i t  w i l l  b e  d i f f i c u l t  
t o  f u l l y  a p p r e c i a t e  where improvements i n  des ign  and materials can b e  implemented. 
The f i r s t  p a r t  of t h e  e f f o r t  has  cons i s t ed  of a s t r a i n  gage a l l o y  development program 
which i s  t o  b e  followed by an  i n v e s t i g a t i o n  of complete s t r a i n  gage systems which 
w i l l  u s e  t h e  b e s t  of t h e  a l l o y s  developed toge the r  w i th  o t h e r  system improvements. 
The s p e c i f i c  goa l  f o r  t h e  complete system is t o  make measurements t o  2 , 0 0 0 ~ ~  
w i t h  e r r o r  of only 5 10% over  a 50 hour per iod .  I n  a d d i t i o n  t o  s imple s u r v i v a l  
and s t a b i l i t y ,  a t t a i n i n g  a  low thermal c o e f f i c i e n t  t o  r e s i s t i v i t y ,  of o r d e r  100 
ppm/K o r  less, is  a l s o  a  major goal .  This  need r e s u l t s  from t h e  p re sen t ly  unavoid- 
a b l e  unce r t a in ty  i n  measurements of t h e  exac t  temperatures  i n  t h e  tu rb ine .  The 
s i z e  and th ickness  requirements t o  avoid aerodynamic e f f e c t s  sugges ts  t h e  u s e  of 
t h e  s p u t t e r i n g  technique  as t h e  b e s t  system f a b r i c a t i o n  approach. The r e s u l t s  from 
t h e  f i r s t  yea r  of t h i s  e f f o r t  r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  of an  FeCrAl a l l o y  
and t h e  Pd-Cr a l l o y  systems as t h e  b a s i s  f o r  f u r t h e r  a l l o y  modi f ica t ions  and 
development. Alloy candida tes  are evaluated and compared us ing  a grading system 
c o n s i s t i n g  of t h e  product of t h e  fol lowing f a c t o r s  w i t h  t h e i r  t o t a l  weight p o t e n t i a l  
given i n  pa ren thes i s :  Repea tab i l i t y  (20) ,  Oxidat ion (18) ,  R e s i s t i v i t y  (16) ,  Thermal 
Coe f f i c i en t  of R e s i s t i v i t y  (14) ,  E l a s t i c  Range (12) ,  D i f f e r e n t i a l  Thermal Expansion 
(10) and Miscellaneous Judgements (10).  
Although t h e  f i n a l  s t r a i n  gage system f a b r i c a t i o n  procedure w i l l  probably u s e  
t h e  s p u t t e r i n g  technique,  t h i s  is  too  expensive and too slow a process  f o r  a l l o y  
development work. A drop-cast ing technique  us ing  r epea t ed ly  arc-melted bu t tons  
w a s  t h e r e f o r e  developed. The c a s t  rods  produced are ground and pol i shed  us ing  
s l o t t e d  p l a t e s  t o  f i n a l l y  produce long,  t h i n  s t r i p s  of material about 17cm long 
s u i t a b l e  f o r  subsequent t e s t i n g .  Other techniques f o r  producing t h e  s t r a i n  gage 
elements ,  such a s  w i r e  drawing and m e l t  sp inning ,  a r e  a l s o  t o  be  examined i n  t h i s  
program. 
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The s p e c i a l l y  cons t ruc t ed  thermal  cyc l ing  appa ra tus  developed earlier i n  t h i s  
work t o  make r e s i s t i v i t y  measurements has  been f u r t h e r  developed t o  make more 
a c c u r a t e  measurements. This  system employs a s p l i t  t u b e  m e t a l  h e a t e r  which can 
b e  cycled o r  h e l d  a t  cons t an t  temperature under program con t ro l .  The test sample 
is pos i t i oned  a x i a l l y  i n  t h e  c e n t e r  of t h i s  t u b e  w i t h  Plat inum l e a d s  f o r  v o l t a g e  
measurements and thermocouple w i r e s  a t t a c h e d  by s p o t  welding. Spec ia l  p rov i s ions  
have been added t o  b e t t e r  accomplish t h e  f a s t e r  (250KImin) hea t ing  and cool ing  
r a t e  t e s t i n g .  Addi t iona l  computer program development has  a l s o  been accomplished 
t o  improve both  t h e  d a t a  measurement and t h e  d a t a  r educ t ion  process .  
The FeCrAl a l l o y  system s t u d i e s  have def ined  a t e r n a r y  a r e a  whose edges d e f i n e  
compositions whose average thermal c o e f f i c i e n t s  of r e s i s t a n c e  a r e  ze ro  between room 
temperature and 1250K. Compositions along t h e s e  edges provide  s i g n i f i c a n t  improve- 
ments over t h e  p rev ious ly  known b e s t  a l l o y  (Kanthal A-1). Measurements of t h e  
r e s i s t a n c e s  t o  o x i d a t i o n  of t h e s e  a l l o y s  w i t h  d i f f e r e n t  amounts of Hf, Y ,  Sc, Co 
and a d d i t i o n a l  amounts of A 1  and C r  have shown t h a t ,  a l though a l l  show p r o t e c t i v e  
behavior ,  none are s i g n i f i c a n t l y  b e t t e r  than  t h e  base  FeCrAl a l l o y .  
The Pd-Cr a l l o y s  develop a t h i n  coherent ,  cont inuous coa t ing  of Cr2O3. A 
v a r i e t y  of o t h e r  a l l o y s  conta in ing  oxide  formers ,  e s p e c i a l l y  t h e  r a r e  e a r t h  meta ls ,  
a r e  being examined t o  f i n d  compositions w i t h  even b e t t e r  r e s i s t a n c e  t o  ox ida t ion  
and lower thermal c o e f f i c i e n t s  of r e s i s t a n c e .  
GENERAL RULES CONCERNING p AND a 
Matthieson: p - p, + p T 
dp Dellinger: p a = Constant a! = - dT 
Llnde: A p 0 ~ ~ ~ 2  
V = valence 
X =alloying element 
Norbury: pa(N - N ~ F  
N =atomic number 
X = alloying element 
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